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Abstract Nekton on the northern Gulf of Mexico depend on
estuarine nursery areas, but patterns of habitat use and the
underlying processes that drive these patterns are not fully
understood. We examined small-scale (1–50 m) patterns of
habitat use in Barataria Bay by collecting nekton samples
between 2002 and 2006 with a 1-m2 drop sampler. Habitat-
specific densities were estimated for six habitat types at vari-
ous distances from the shoreline in marsh (Marsh1M=1m and
Marsh3M=3 m) and over shallow nonvegetated bottom, SNB
(SNB1M=1 m, SNB5M=5 m, SNB20M=20 m, and
SNB50M=50 m). Habitat-specific growth rates also were es-
timated for brown shrimp Farfantepenaeus aztecus caged in
SNB1M, SNB5M, and SNB20M. Nekton density patterns in
Barataria Bay appeared to be clearly different from the
Galveston Bay model, which predicts nekton distribution pat-
terns relative to the marsh shoreline. Although densities in
Barataria Bay were significantly higher in samples near the
marsh shoreline (Marsh1M or SNB1M) for brown shrimp,
blue crab, and white shrimp, highest mean densities were
not always present in marsh edge vegetation. In addition, den-
sities of brown shrimp and white shrimp in Barataria Bay
declined much more steeply with distance into the marsh than
in the model. Daily growth rates (1.0–1.2 mm TL day−1, 68–
89 mg day−1) for brown shrimp were similar among SNB
habitat types. Our results suggest that SNB in Barataria Bay

may be relatively more important as habitat for fishery species
than previously assumed.
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Introduction

Wetlands and adjacent shoals provide important habitat in estu-
aries of the northern Gulf of Mexico (Minello 1999), and their
use by nekton appears to be hydrologically driven (Rozas 1995;
Baker et al. 2013). This habitat supports a nekton community
that includes some of the most abundant, and ecologically
important, estuarine residents (e.g., killifishes, grass shrimps,
gobies) as well as the young of transient fishery species
(e.g., white shrimp Litopenaeus setiferus, brown shrimp
Farfantepenaeus aztecus), which spawn offshore or in near-
shore waters and use estuaries temporarily as nursery areas.

This nekton community seems to aggregate at the marsh
shoreline (edge), an ecological hotspot where biological inter-
actions and nekton densities are high (Baltz et al. 1993;
Peterson and Turner 1994; Minello and Rozas 2002; Stunz
et al. 2002). When flooded, the marsh edge habitat appears
to be selected by a wide variety of nekton species in northern
Gulf of Mexico estuaries (Minello 1999), but detailed infor-
mation on small-scale (1–50 m) distributions in relation to
marsh edge is lacking for most species.

A model developed for Galveston Bay predicts that densi-
ties of brown shrimp, white shrimp, and blue crab Callinectes
sapidus peak within marsh vegetation just inside the marsh–
water interface (at the vegetated edge) and decline rapidly
with distance into the marsh vegetation and from the vegetated
marsh edge out over shallow nonvegetated bottom (SNB) or
open water (Minello and Rozas 2002; Minello et al. 2008).
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Although this flood–tide distributional pattern is often as-
sumed for coastal marshes in general, these small-scale distri-
bution patterns have seldom been examined in other marsh
systems to test the generality of this Galveston Bay model.
There is some evidence that selection and value of this marsh
edge habitat is affected by tidal inundation patterns (Minello
et al 2012; Baker et al. 2013).

The value of coastal or estuarine habitats for fishery spe-
cies can be measured using several metrics (Beck et al.
2001), and density patterns are often used for an initial as-
sessment. Although difficult to estimate directly, habitat-
specific vital rates (e.g., growth, survival) are also useful
measures of habitat value (Beck et al. 2001; Yoklavich
et al. 2010; Mace and Rozas 2015). In addition, vital rates
are used in stock assessment models to manage exploited
fishery populations, and variation in these rates can have a
significant effect on estimates of adult stocks. For example,
simulations from a population model incorporating the avail-
able information on vital rates showed that even modest
changes in growth rates of juvenile white shrimp had a
greater effect on stock size than the highest mortality rate
expected from fishing (Baker et al. 2014).

The Barataria Bay estuary is part of the Mississippi River
deltaic plain, which includes the largest expanse of tidal
saltmarsh in the northern Gulf of Mexico. The wetlands of
Barataria Bay and other estuaries of this deltaic system sup-
port some of the most productive coastal fisheries in North
America (Viosca 1928; Gunter 1967; Chesney et al. 2000).
Because of its importance in supporting coastal fisheries and
the different origin of marshes in Barataria Bay (deltaic, river-
dominated) and Galveston Bay (washover fan, barrier island),
we selected Barataria Bay to test the generality of the
Galveston Baymodel for nekton distribution patterns.We also
wanted to estimate habitat-specific growth rates for a selected
species to complement these density data for within-habitat
and across-estuary comparisons.

Acquiring this information is important because Barataria
Bay is undergoing rapid change, and nekton growth and dis-
tributional data could be used as a baseline against which to
measure this change. An understanding of nekton distribution-
al patterns within marsh systems, for example, could be used
to predict how landscape changes that alter marsh–water in-
terspersion patterns affect nekton abundance (Minello and
Rozas 2002; Reed et al. 2007; Roth et al. 2008). Changes in
marsh–water interspersion patterns are currently underway in
Barataria Bay from a relatively rapid rate of wetland loss caused
by subsiding deltaic sediments and resource extraction (Turner
1997; Day et al. 2000; Roberts 1997) and by a variety of wetland
restoration techniques being implemented in response to this loss
(CPRA 2012). Both wetlands and nekton populations in the
estuary also have been damaged by the Deepwater Horizon oil
spill (Whitehead et al. 2011; Mendelssohn et al. 2012; Rozas
et al. 2014), and the habitat-specific data reported here (collected

before the spill) should be useful for examining spill impacts on
living resources.

The primary objective of our study was to examine the
small-scale (1– 50 m) patterns of nekton distribution in lower
Barataria Bay and test the generality of the Galveston Bay
model of habitat-specific nekton densities. Our density data
were derived from nekton samples collected between 2002
and 2006 in hydrologically connected emergent marsh vege-
tation and adjacent SNB located at various distances from the
marsh shoreline. In addition, habitat-specific growth rates
were measured for juvenile brown shrimp held in field
mesocosms placed within a subset of the habitat types we
sampled for nekton density.

Methods

Study Area

The study area included three locations within the Barataria
Bay system, which is bounded on the west by Bayou
Lafourche and on the east by the Mississippi River (Fig. 1).
Rakocinski et al. (1992) provide a detailed description of the
estuary. We collected all samples and conducted growth ex-
periments within the saline vegetation-salinity zone as defined
and mapped by Chabreck (1972) and Linscombe and
Chabreck (2001). This saline zone is comparable to the
polyhaline zone of the Venice system (Anonymous 1958;
Visser et al. 1998). Emergent vegetation was dominated by
Spartina alterniflora, and sample sites over shallow open wa-
ter lacked submerged vegetation (they were classified as
SNB). Tides in the study area are predominantly diurnal and
have a mean daily range of <0.3 m (Byrne et al. 1976;
Baumann 1987). The degree of marsh flooding varies season-
ally; longest marsh flooding durations occur in fall and spring
(Rozas 1995; Minello et al. 2012).

Nekton Density

We sampled nekton within and adjacent to marshes six times
over 3 years (2002, 2005, and 2006) by collecting 124 sam-
ples each in spring and fall during a week of high tides that
flooded the marsh surface (Table 1).We took samples of emer-
gent marsh habitat 1 m (Marsh1M or marsh edge) and 3 m
(Marsh3M) from the shoreline, except in 2006 when only
marsh edge was sampled. Over SNB, we collected samples
at four distances from the marsh shoreline (SNB1M=1 m,
SNB5M=5 m, SNB20M=20 m, and SNB50M=50 m), ex-
cept in 2006 when SNB50M was not sampled. Sample sites
were selected using random numbers and aerial photographs
of the study area. The distance from shore was determined
using a hand held laser range finder for distances of 20 m or
more and a meter tape for shorter distances.
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Nekton samples were collected using 1-m2 drop samplers
and the method described by Zimmerman et al. (1984). We

used two boats and crews of three persons each to collect these
samples. Immediately after the drop sampler was deployed at
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Fig. 1 Map showing three sampling locations within the Barataria Bay
estuary study area. Area A is south of Bayou DuPont, north of St. Mary’s
Point, east of Barataria Bay Waterway, and west of Wilkinson Bay. Area
B is south of Southwest Louisiana Canal, north and east of Louisiana

Highway 1, and west of Caminada Bay. Area C is south of Southwest
Louisiana Canal, north of Rapp Canal, west of Louisiana Highway 1, and
east of Bayou Lafourche.
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a sample site, we measured water temperature, dissolved ox-
ygen (DO), water depth, and distance to marsh edge (from the
center of the sampler to the nearest marsh shoreline); collected
a water sample from which salinity and turbidity were deter-
mined in the laboratory; and removed and counted plant stems
(alive and dead combined) at marsh sites as described by
Rozas et al. (2012). The spatial location of each nekton sample
site was determined using a GPS unit.

After measuring the environmental variables and removing
vegetation, we captured nekton trapped in the drop sampler
using dip nets and filtering the water pumped out of the en-
closure through a 1-mm-mesh net. When the sampler was
completely drained, any animals remaining on the bottom
were removed by hand. Samples were preserved in formalin
and returned to the laboratory for processing.

In the laboratory, the samples were sorted, and animals were
identified to lowest feasible taxon. We used the nomenclature
of Perez-Farfante and Kensley (1997) for penaeid shrimps and
identified species using the protocol described in Rozas and
Minello (1998). Forty-six penaeid shrimps could not be reliably
identified from the nekton samples either because of their size
(total length, 13–18 mm) or because they were damaged; these
shrimps were assigned as brown shrimp based on the propor-
tion of identified species in each sample. Grass shrimps (521)
that could not be identified to species were similarly assigned
as daggerblade grass shrimp Palaemonetes pugio (447), marsh
grass shrimp Palaemonetes validus (45), or brackish grass
shrimp Palaemonetes intermedius (29). Similarly, 425 swim-
ming crabs of the genusCallinectes (425) were considered blue
crab C. sapidus, and a single specimen of Brevoortia spp. was
assumed to be a gulf menhaden Brevoortia patronus. All indi-
viduals within a species were blotted dry and pooled to deter-
mine biomass (±0.1 g wet weight).

Growth Experiment

We initiated a growth experiment at location C on April 28,
2006 when juvenile brown shrimp were abundant in the study
area (Fig. 1). Shrimp were held in mesocosms, bottomless fi-
berglass cylinders (1.14 m in diameter, 1.5–1.8 m tall,
enclosing 1 m2 of habitat) with three windows covered in 3-
mmmesh. These mesocosms were placed at randomly selected
sites in four of the habitat types sampled for nekton density
(Marsh1M, SNB1M, SNB5M, and SNB20M), and each habi-
tat treatment was replicated seven times in the experiment (total
of 28 mesocosms). The mesocosms were dropped into place
from a boom attached to a shallow draft boat (comparable to
deployment of a drop sampler), and no attempt was made to
remove nekton (potential competitors and predators) from the
area before hand. Mesocosms were pushed 15 cm into the
sediment to provide a seal intended to hold water at low tide.
The bottoms of the mesh windows were located 15 cm above
the sediment surface. For a detailed description of these
mesocosms and the setup, see Rozas and Minello (2009).

To initiate an experiment, brown shrimp were collected
from the study area, measured for total length (TL), and indi-
vidually marked with a visible implant elastomer (Northwest
Marine Technology, Inc.); five individuals were placed into
each of the mesocosms. To reduce handling stress, we estimat-
ed initial weights of experimental shrimp using length–weight
relationships derived from other specimens collected at the
beginning of the experiment.

During the experiment, we measured environmental vari-
ables that could have affected shrimp growth.We used 12 data
loggers (Onset Computer Corp.) to continuously measure bot-
tom water temperature in selected mesocosms during the ex-
periment. Water depth, water temperature, salinity, and DO

Table 1 Description of nekton sampling effort between 2002 and 2006, which included six sampling trips

Number of samples collected

Marsh SNB

Sampling dates Location Season 3 m 1 m 1 m 5 m 20 m 50 m

April 26–May 2, 2002 A Spring 4 4 4 4 4 4

September 13–17, 2002 A Fall 4 4 4 4 4 4

April 26–29, 2005 B Spring 10 10 10 10 10 10

October 11–13, 2005 B Fall 10 10 10 10 10 10

April 30–May 3, 2006 C Spring 10 10 10 10

October 3, 2006 C Fall 5 5 5 5

October 4, 2006 B Fall 5 5 5 5

Sum 28 48 48 48 48 28

During each trip, samples were collected within salt marsh and over adjacent shallow nonvegetated bottom (SNB) in Barataria Bay. Season, dates of
sampling events, and number of samples taken in each habitat type are given for each location shown in Fig. 1. Latitude and longitude indicate
approximate center of sample area: location A (29.480° N, 89.955° W), Location B (29.212° N, 90.153° W), and location C (29.180° N, 90.210° W)
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were measured at each mesocosm during the day approxi-
mately daily (n=6) during the experiment, and the water tem-
perature measured from this daily monitoring was used to
assess the reliability of the continuous temperature loggers.
Flooding durations for habitats were determined using a tem-
porary tide gauge that continuously recorded water level data
throughout the experiment. Combined with water depths mea-
sured at each mesocosm, we calculated the extent of flooding
outside of each mesocosm over the experimental duration.

The growth experiment was run for ~7 days. At its conclu-
sion, we used dip nets and removed the water from inside the
mesocosms with a gasoline-powered centrifugal pump to col-
lect the shrimp and other nekton (Rozas and Minello 2009).
Recovered animals were immediately placed on ice, and each
tagged shrimp was weighed and measured within 15 h to
determine its final size. Because TL could not be measured
for shrimp with broken rostrums, we estimated the TL of these
shrimp (n=6) based on their final weight from length–weight
equations derived as described above for initial lengths. We
determined growth rates for each recovered experimental
shrimp by subtracting the initial size measurement (TL or
wet weight) from the final size measurement and dividing this
difference by the duration (in days) of the experiment.

Unmarked fishes and decapod crustaceans collected from
the mesocosms when we recovered the marked shrimp may
have affected shrimp growth or survival through competition
or predation. These organisms were identified to the lowest
feasible taxon and measured (TL of fishes, CW=carapace
width for crabs). Individuals of each species in a sample were
blotted dry and pooled to determine biomass (wet weight).

Statistical Analyses

We analyzed density data for the spring and fall seasons sep-
arately. The nekton data were collected in different locations
and years, and we were concerned that these differences
would influence our analysis of nekton spatial patterns.
Therefore, we initially used a two-way analysis of variance
(ANOVA) on a subset of our nekton data to explore that pos-
sibility and to look for differences in nekton abundance and
environmental characteristics among locations/years. In this
analysis, we excluded data fromMarsh3M and SNB50M sites
because these habitat types were not sampled in 2006. This
two-way ANOVA included a location/year factor with three
(spring) or four (fall) levels (A/2002, B/2005, B/2006,
C/2006), a habitat type factor with four levels (Marsh1M,
SNB1M, SNB5M, and SNB20M), and an interaction term.
A significant interaction term may indicate differences in nek-
ton density patterns across locations/years. Therefore, where
significant interactions were detected, we examined plots of
the nekton data to help us interpret distribution patterns.

Despite the inclusion of location/year variability, we as-
sumed that the overall dataset would provide a meaningful

comparison of habitat use, and we also used a one-way
ANOVA on all the density data followed by a priori contrasts
to examine density patterns of abundant fishes and decapod
crustaceans among habitat types. The density data used in all
ANOVAs were transformed [ln(x + 1)] to remove the relation-
ship between the mean and variance present in untransformed
data (Milliken and Johnson 1992). When a significant main
effect was detected in one-way ANOVAs, the following hab-
itat types were compared with a priori contrasts: (1) Marsh1M
vs. Marsh3M, (2) Marsh1M vs. SNB1M, and (3) SNB1M vs.
SNB5M+SNB20M+SNB50M. The first two contrasts tested
for differences in nekton density between the marsh edge and
marsh sites farther (3 m) from shore or over nearshore open
water sites. The third contrast examined whether nekton den-
sity at SNB sites was related to the proximity of marsh
vegetation.

Environmental characteristics (salinity, water temperature,
DO, water depth, turbidity, and distance to shoreline) of nek-
ton sample sites were analyzed using untransformed data and
the same ANOVA models. Untransformed stem density data
were analyzed using a two-way ANOVA that included only
two locations/years (location A/2002, location B/2005) and
the two marsh habitat types.

Minello et al. (2012) examined salt marsh flooding patterns
in estuaries and reported a potential relationship between
flooding durations and use of marsh edge habitat by brown
shrimp, white shrimp, and blue crabs. Using our nekton data,
we looked for such a relationship by developing a simple
selection index for these species. The index was computed
using habitat-specific means of transformed [ln(x + 1)] densi-
ties for each of the seven location/year/season datasets; selec-
tion index=Marsh1M−SNB1M. A positive value would in-
dicate selection for marsh vegetation over adjacent
nonvegetated bottom. Marsh flooding durations were calcu-
lated for comparison using the water depth measured for each
marsh edge sample site along with continuously recorded wa-
ter level data from the NOAA tide gauge at Grand Isle, LA,
USA (station ID=8761724). Linear regression was used to
examine whether the use of the marsh edge by these species
was potentially related to the flooding duration of that habitat
type 1 month before we collected our samples.

We also used regression trees to examine the importance of
selected variables on densities of brown shrimp, white shrimp,
and blue crabs. Trees are constructed from a series of mutually
exclusive binary splits that minimize the within-group sum of
squares (SS) and maximize the between-groups SS for each
level in the tree, and the relative importance of each explana-
tory variable in the tree decreases with each split (Deáth
2002). In these analyses, we included the response variable
of log-transformed density, three categorical explanatory var-
iables (habitat type, season, location/year), and five continu-
ous explanatory variables (salinity, temperature, DO, turbidity,
flooding duration of Marsh1M habitat).
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We used the one-way ANOVA model described above, but
with fewer levels of habitat type, to analyze untransformed data
from the growth experiment. Mean growth rates (mm day−1 or
mg day−1) computed from each mesocosm were considered to
be a single observation in our analyses.When themain effect of
habitat type was significant at the 0.05 level, we used Tukey’s
HSD post hoc tests to compare growth rates among the levels
of this treatment, which allowed us to compare growth among
all possible pairs of habitat levels while controlling for family-
wise type I error (Quinn and Keough 2002).

We examined scatter plots and used regression analysis to
explore potential relationships between shrimp growth rates
and environmental and biological variables. We used regres-
sion analysis to look for possible size-related differences in
shrimp growth rates. Regression analysis also was used to
examine the potential relationship between shrimp growth
rates and competitors or predators and the flooding duration
of mesocosm sites. We compared shrimp growth rates in bio-
mass with penaeid biomass, crustacean biomass, and total
biomass measured from both marked and unmarked animals
recovered from the experimental mesocosms. We also com-
pared the number of recovered marked shrimp (survivors)
with predator biomass to test for a possible relationship be-
tween the survival of experimental shrimp and predation risk.

We considered alpha levels of 0.05 to be significant in all
results, but we also assessed significance after adjusting alpha
levels for the main effects using the sequential Bonferroni
method described by Rice (1989), which buffers against error
introduced by making multiple comparisons with the same
sample set. All tabular and graphical (except regression tree)
data presented in this paper are untransformed means. We
conducted these statistical analyses using JMP software
(Version 11.1, Cary, NC, USA, 2013).

Results

We identified a total of 16 crustacean species (1,712 individ-
uals, 1.20 kg) and 35 fish species (478 individuals, 0.39 kg)
from 124 samples collected in spring (April–May 2002, 2005,
and 2006) and 29 crustacean species (3646 individuals,
0.83 kg) and 41 fish species (1120 individuals, 0.52 kg) from
124 samples taken in fall (September–October 2002, 2005,
and 2006). Most crustaceans (83 %) collected in spring
consisted of daggerblade grass shrimp, brown shrimp, blue
c r ab , b r ack i sh g r a s s sh r imp , Ha r r i s mud c r ab
Rhithropanopeus harrisii, purple marsh crab Sesarma
reticulatum, and squareback marsh crab Sesarma cinereum.
Daggerblade grass shrimp, blue crab, white shrimp, brown
shrimp, marsh grass shrimp, and purple marsh crab also rep-
resented 80 % of the crustaceans collected in fall. The most
abundant fish species were gulf menhaden, speckled worm eel
Myrophis punctatus, bay anchovy Anchoa mitchilli, and silver

perch Bairdiella chrysoura in spring (making up 45 % of all
fish) and darter goby Ctenogobius boleosoma, naked goby
Gobiosoma bosc, and bay anchovy in fall (66 % of all fish).

Nekton Density

Location/Year Effects

Densities of some species were significantly different among
locations/years, but few strong interactions were apparent be-
tween habitat type and location/year (Table 2). Brackish grass
shrimp in spring was not collected at location A. Brown
shrimp in spring was more abundant at locations B and C
than location A. In fall, darter goby was most abundant at
locations B and C, and naked goby had the highest densities
at location A.

The location/year–habitat type interaction was marginally
significant for brown shrimp and speckled worm eel in the
spring, but P values were >0.05 after the Bonferroni correc-
tion (Table 2). Brown shrimp densities in spring were similar
between Marsh1M and SNB1M except at location B in 2005
when mean densities were higher in SNB1M than Marsh1M.
In fall, this interaction was highly significant for brown
shrimp and blue crab (Table 2), and the distribution of these
species among habitat types changed with location/year
(Fig. 2). Densities of brown shrimp in fall were higher in
Marsh1M than SNB1M except at location B where their den-
sities were similar in these habitat types. Blue crab densities in
fall differed among habitat types except at location C in 2006.
Bay anchovy was never collected at Marsh1M sites, but few
individuals of this species were collected over SNB at
Location B in 2005 (Table 2). Speckled worm eel also was
more abundant over SNB than at Marsh1M sites, but was not
collected at location A in 2002 (Table 2).

Overall Habitat-Related Distribution Patterns

Density patterns for most species of nekton varied across the
saltmarsh landscape when we included all habitat types and
locations in our analyses (Table 3, Figs. 3 and 4). Within the
marsh vegetation, most abundant crustaceans were concen-
trated at the marsh edge (Marsh1M). Daggerblade grass
shrimp, brown shrimp, blue crab (spring), brackish grass
shrimp (spring), white shrimp (fall), and marsh grass shrimp
(fall) were more abundant at marsh edge than Marsh3M sites.
Harris mud crab was not collected at Marsh3M sites. In con-
trast, our analysis detected no differences between the two
marsh habitat types in mean densities of blue crab, darter
goby, and naked goby in fall.

Several species also were more abundant at marsh edge
(Marsh1M) than nearshore SNB (SNB1M) sites (Table 3,
Figs. 3 and 4). Mean densities of daggerblade grass shrimp,
blue crab (spring), brackish grass shrimp (spring), and brown
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shrimp (fall) were higher at marsh edge than SNB1M sites. In
addition, purple marsh crab and squareback marsh crab were
collected exclusively at marsh sites in spring (Fig. 3).

In contrast to this pattern, during spring when these species
were most abundant in the study area, densities of brown
shrimp, Harris mud crab, and speckled worm eel were higher
at nearshore SNB than marsh edge sites (Table 3, Figs. 3 and
4). In fall, no difference in mean densities of blue crab, white
shrimp, and marsh grass shrimp were detected between marsh
edge and SNB1M sites. Interestingly, distributional patterns
for blue crab and brown shrimp changed seasonally. For ex-
ample, blue crab appeared to select for marsh edge in spring,
but when this species was more abundant in the fall, mean
densities were evenly distributed among marsh habitat types
and the two SNB habitat types nearest shore. Brown shrimp
seemed to select marsh edge in fall, but not in spring.

Within SNB, several species typically associated with
marsh vegetation were concentrated at nearshore (SNB1M)
sites (Table 3, Figs. 3 and 4). For example, blue crab was more
abundant at SNB1M sites than at SNB sites farther from shore.
Brown shrimp in spring, and white shrimp, marsh grass
shrimp, and naked goby in fall all showed a similar pattern.

Although most species collected in our study occurred in
marsh habitat, a few were rarely or never taken from marsh
sites (Figs. 3 and 4). For example, bay anchovy was collected

exclusively from SNB sites, and speckled worm eel and gulf
menhaden were rarely collected at marsh sites.

Environmental Characteristics

Environmental variables also differed among locations/years
(Table 4), but within locations/years, few differences among
habitat types were detected. Mean salinity was lower at location
A than locations B and C. Mean water temperature was lower
and turbidity higher at location B than locations A and C. In the
spring, DOwas higher at location B than locations A and C. No
significant location/year by habitat type interaction was detected
in these analyses (Table 4).Mean (±SE) stem density was higher
at location A (spring=552±112.1, fall=582±119.5) than loca-
tion B (spring=257±14.6, fall=209±30.3). In spring, stem den-
sity did not differ between Marsh1M and Marsh3M. Stem den-
sity in fall was higher at Marsh3M, but only at location A.
Environmental characteristics (other than water depth and dis-
tance to marsh edge) within a location/year did not differ sig-
nificantly among habitat types (Table 4). When the data were
combined across locations/years, however, mean DO differed
among habitat types in spring (Table 5). As expected, marsh
sites were shallower than SNB sites, and SNB sites generally
increased in water depth with distance from the marsh.

Use of the marsh edge increased with flooding duration for
brown shrimp and white shrimp. The significant positive rela-
tionship (P=0.0013) between our marsh selection index and the
flooding duration of the marsh edge 1 month before we collect-
ed our samples explained about 70 % of the variability in the
data (Fig. 5). There was no significant relationshipwith flooding
for blue crab (P=0.18). Because of a strong (R2=97 %,
P<0.001) negative relationship between our flooding variable
and overall (both habitats) mean DO at the time of sampling,
marsh selection by shrimp also was significantly related to DO
(Fig. 5). These data suggest that, at low levels of DO, shrimp
selected for marsh vegetation over adjacent nonvegetated bot-
tom. This selection pattern did not appear to be related to the
difference in DO between these two habitats, and there was no
significant relationship between marsh selection and the differ-
ence in DO between the habitats (P=0.84). Dissolved oxygen
was generally higher at SNB1M than Marsh1M (Table 4), but
the greatest difference in mean values was only 1.1 mg l−1. All
of the mean oxygen levels in these habitats were above 4 mg l−1.

Regression Trees

The results of the regression tree analyses reinforced the
ANOVA results. Flooding duration of Marsh1M sites and
habitat type were the most important variables explaining
the distribution of brown shrimp, white shrimp, and blue crab
in the models (Figs. 6, 7, and 8). Flooding duration was driven
mainly by season; all flooding durations ≥75 % occurred in
fall and ≤66 % occurred in spring. In spring (lower flooding
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duration), brown shrimp densities were highest in the habitat
types along the marsh shoreline (Marsh1M, SNB1M, and
SNB5M), and in fall, densities were highest in Marsh1M
(Fig. 6). The structure of the blue crab model was similar,
although higher blue crab densities occurred in fall rather than
spring; densities in fall were highest in marsh vegetation and
SNB located near the marsh, whereas in spring, blue crabs
were most abundant in Marsh1M (Fig. 8). White shrimp was
collected only during fall when highest densities were in

SNB1M and Marsh1M (Fig. 7). A third split in the white
shrimp model shows that highest shrimp densities occurred
at location C in 2006.

Growth Experiment

Brown shrimp used in the growth experiment ranged in size
from 33 to 61 mm TL (mean=47.7±0.713 SE), which
reflected the size of juvenile shrimp most abundant in the
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study area. The mean initial size of these experimental
shrimp did not differ among habitat types (ANOVA:
MS=0.410, F2,104=0.008, p=0.993). Initial size affected
growth rates, but this relationship between growth and
initial size was weak (R2s<0.10).

During the growth experiment, water levels sometimes fell
below the elevation of some mesocosm sites (Fig. 9). The
mesocosms were designed to hold water during low water
events (Rozas and Minello 2009), but apparently, some
mesocosms drained during the experiment. Low tide events
generally occurred in the middle of the night when we were
not able to observe water levels inside mesocosms. Data from
our temporary tide gauge showed that, during the experiment,
water levels in the study area were at or below the elevation of
theMarsh1Mmesocosm sites for periods of up to ten continuous
hours. We recovered no marked shrimp from four of the seven
marsh mesocosms and no unmarked nekton from five of these
mesocosms, an indication that these mesocosms likely failed to
hold water. At the end of the experiment, we observed numerous
animal burrows through which water inside the mesocosmsmay
have drained out during extended periods of low water. Data
from these marsh mesocosms, therefore, were considered unre-
liable and not included in any analyses. Although low water
events had less of an effect in the other habitat types, water levels
were at or below the elevation of all SNB1Mmesocosm sites for
periods of three to five continuous hours.

Water temperature was successfully measured continuous-
ly inside and outside at least one mesocosm in each habitat
type. These continuously recorded temperature data appeared
to match the data we collected through daily monitoring and
therefore were considered reliable. Based on these continu-
ously recorded data, the range (mean±SE) of water tempera-
tures during the experiment for SNB1M, SNB5M, and
SNB20M were 20.3–29.9 °C (25.2±0.19), 20.5–29.7 °C
(25.7±0.17), and 20.7–29.3 °C (26.0±0.15), respectively.
Water temperatures measured inside the mesocosms closely
tracked outside temperatures.

Salinity and DO were measured inside each mesocosm on
6 days during the experiment. Based on these daily observations,
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mean salinities±SE for SNB1M, SNB5M, and SNB20M were
26.1±0.13, 26.0±0.15, and 26.1±0.13, respectively;meanDOs±
SE (mg l-1) were 5.1±0.13, 5.0±0.16, and 4.7±0.12, respectively.

We recovered most experimental shrimp at SNB sites when
the experiment was terminated (Fig. 9). No significant differ-
ence in recovery rates was apparent among habitat types
(ANOVA: MS=0.025, F2,20=2.438, P=0.116).

Although no difference in shrimp growth rates was detect-
ed among the SNB habitat types using the metric TL
(ANOVA: MS=0.140, F2,20=1.863, P=0.184), this compari-
son was significant using biomass as the metric (ANOVA:
MS=1814.25, F2,20=3.489, P=0.040). Mean growth rates
(mg day−1) were lower in SNB1M than SNB5M, but similar
between SNB20M and both SNB1M and SNB5M (Fig. 10).
Based on linear regression analysis that included data from all
nonvegetated mesocosms, growth rates were marginally relat-
ed to flooding duration (percentage of time mesocosm sites
were flooded; P<0.052, R2=0.19), an indication that low-

water events negatively affected the growth of shrimp con-
fined within those mesocosms placed at relatively high eleva-
tion intertidal sites. We considered growth rates in mesocosms
with flooding durations <94 % (three SNB1M mesocosms) to
be artifacts of the experimental method, and after excluding
the data from these mesocosms, this relationship between
growth and flooding duration was not significant (P=0.702).
Excluding the data from the high SNB1M sites increased
mean daily growth rates in this habitat type to 1.1±0.17 SE
mm TL and 69.9±14.51 SE mg, and these rates are similar to
the rates derived from SNB5M (1.2±0.09 SE mm TL, 88.8±
5.28 SE mg) and SNB20M (1.0±0.11 SE mm TL, 67.6±8.83
SE mg) sites (Fig. 10). No difference in growth rates among
habitat types was detected after excluding the data from these
high SNB1M sites (ANOVA: TL: MS=0.076, F2,15=0.993,
P=0.394; biomass: MS=897.77, F2,15=1.931, P=0.179).

Potential predators recovered when the mesocosms were
emptied included spot Leiostomus xanthurus, inshore
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lizardfish Synodus foetens, speckled worm eel, star drum
Stellifer lanceolatus, blue crab, and lesser blue crab
Callinectes similis. No significant relationship (P=0.810)
was detected in our analysis between the number of experi-
mental shrimp and the total predator biomass recovered from
the mesocosms. Unmarked penaeid shrimps and other organ-
isms (potential competitors) also were collected when we
cleared the mesocosms. These unmarked animals did not
seem to affect shrimp growth rates. No significant relation-
ships between shrimp growth and the biomass of total
penaeids (P=0.564), total crustaceans (P=0.787), or total or-
ganisms (P=0.862) were detected.

Discussion

Nekton distributional patterns in Barataria Bay are similar in
some ways to those in Galveston Bay. Consistent with the
Galveston Bay model, the nekton assemblage is generally
concentrated along the marsh shoreline. For example, densi-
ties of most species in our study were highest within 1m of the
marsh shoreline at Marsh1M and SNB1M sites. Others have
documented similar patterns in Barataria Bay (Rakocinski

et al. 1992; Baltz et al. 1993), Galveston Bay (Rozas and
Zimmerman 2000; Minello and Rozas 2002; Minello et al.
2008), and other estuaries of the north central Gulf of
Mexico (Peterson and Turner 1994; Minello 1999;
Rakocinski and McCall 2005; Shervette and Gelwick 2008).

Our study, however, also revealed clear departures from the
Galveston Bay model, and differences were twofold. The veg-
etatedmarsh edge (Marsh1M) in Barataria Bay did not contain
the highest densities of brown shrimp, blue crab, and white
shrimp when these species were most abundant in the estuary
as predicted by the Galveston Bay model (Minello and Rozas
2002; Minello et al. 2008). Although highest densities oc-
curred near the marsh edge, spring brown shrimp densities
were higher in SNB1M than Marsh1M, and no statistical dif-
ferences were detected in fall densities of blue crab or white
shrimp between these two habitat types. Further, densities of
some species in Barataria Bay dropped off much more steeply
with distance into the marsh than documented for Galveston
Bay (Reed et al. 2007). For example, brown shrimp (spring)
and white shrimp (fall) densities in Barataria Bay declined
between Marsh1M and Marsh3M by 91 and 92 %, whereas
the Galveston Bay model predicts a decline of only 56 and
46 %, respectively (Minello et al. 2008).

In Barataria Bay, interior marsh (Marsh3M and landward)
appeared to be used relatively less, and SNB relatively more,
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as habitat for brown shrimp, white shrimp, and blue crab than
the Galveston Bay model would predict. A possible explana-
tion for reduced use of marsh edge and interior in Barataria
Bay is that the elevation of the marsh surface may be higher
and the slopes of these marshes may be steeper, and therefore,
marsh surfaces may be inundated less and be less available
than those in Galveston Bay. High marshes, which have a
relatively short flooding duration, contain lower densities of
fishery species than low marshes (Rozas and Reed 1993;
Rozas and Zimmerman 2000). In our study, shrimp density
at marsh edge sites was positively related to the flooding du-
ration of this habitat type. Minello et al. (2012) reported a
shorter mean flooding duration for saltmarsh in Barataria
Bay than Galveston Bay. This result, however, was based on
a single location from each estuary and must be considered
tentative until additional sites within each estuary can be in-
vestigated, given the likelihood that variation in flooding du-
ration within estuaries is high. Differences in marsh slope
could also be important, as the total area of useable habitat
for nekton is constrained bymarsh slope; with any given water
level, as marsh slope increases, the area of inundated marsh
decreases. The spatial distribution of nekton also may be re-
lated to their overall density. Nekton may be compelled to
move into less favorable habitat only after some threshold
density is reached at the marsh edge, which presumably is
the preferred habitat type. For example, blue crab and brown
shrimp in Barataria Bay appeared to select marsh edge during
seasons when their abundance was relatively low. When they
were most abundant in the estuary, however, densities of blue
crab (fall) and brown shrimp (spring) in marsh edge were
similar or lower than those in some of the other habitat types.
The regression tree models for brown shrimp and blue crab
clearly indicated these seasonal shifts in habitat use. Shifts in
habitat use also may be responses to seasonal changes in prey
availability (Orth and van Montfrans 1990; Whaley and
Minello 2002; Davis et al. 2014) or ontogenetic changes in
food or refuge requirements (Thomas et al. 1990).

Fry (2008) arrived at a similar conclusion about the use of
SNB by brown shrimp and estimated that most (67 %) of the
brown shrimp production from the Louisiana delta was de-
rived from estuarine bays rather than marshes. He based this
conclusion on the presence of resident, small (mean=46–
47 mm TL) juvenile brown shrimp in bay waters, the identi-
fication of bay habitat as the origin of most shrimp production
as indicated by δ34S isotope tags, and the high (5:1) bay/marsh
area ratio in Barataria Bay. Others, however, have proposed a
stronger link between fishery production and estuarine wet-
lands based on correlative relationships between the amount
of marsh or marsh edge and fishery landings (Turner 1997;
Faller 1979; Browder et al. 1989), experimental studies of
marsh value (Zimmerman et al 2000), and ecological models
(Haas et al. 2004; Roth et al. 2008). Fry (2008) surmised that
marshes could bemore important than his data indicate if most

of bay production is derived from SNB near marshes and little
is from deep water remote from estuarine marshes. Our data
support such a distribution pattern with densities of small ju-
venile brown shrimp and other species being higher over SNB
near the marsh than at deeper sites up to 50 m away. These
nearshore SNB areas, however, would not increase brown
shrimp production by enhancing growth based on our growth
experiment. As these individuals increase in size, they move
into deeper water farther from the marsh shore (Baltz et al.
1993; Jones et al. 2002), but information about brown shrimp
from deep water is limited. Quantitative nekton density data
from these deep parts of the estuary are difficult to collect
(Rozas and Minello 1997), and information on growth and
survival even more so, but such data would be useful for
estimating the contribution of deep water habitats to overall
estuarine production. Even so, scaling up from these patterns
of small-scale distribution and habitat-specific vital rates in
estuaries to population-level effects in coastal waters is com-
plex (Levin 1992; Rose 2000; Sullivan et al. 2000).

Fishes represented a less important component of nekton
than decapod crustaceans in our study, and their density pat-
terns were less clearly defined. Perhaps, this taxonomic group
would have been more prominent in our study had we sam-
pled additional habitat types (e.g., small ponds, tidal creeks) or
during different parts of the tidal cycle. Rakocinski et al.
(1992) and Baltz et al. (1993) examined habitat use by
marsh-edge fishes using drop samples collected in marsh veg-
etation and over SNB within 18 m of the marsh shoreline.
Their five most abundant species (naked goby, gulf menha-
den, darter goby, bay anchovy, and speckled worm eel) were
also abundant in our study. As in our study, gulf menhaden
and bay anchovy appeared to avoid marsh vegetation, but
unlike our study, darter goby and silver perch were clearly
associated with marsh vegetation in their study (Rakocinski
et al. 1992; Baltz et al. 1993).

The combined data from 3 years and three locations in
Barataria Bay appeared to represent general nekton distribu-
tion patterns in spring and fall for the dominant species exam-
ined. However, distributions among habitat types varied over
locations/years for some species, most notably brown shrimp
and blue crab in the fall. This interaction for brown shrimp
appeared to be due to samples collected at location C in 2006,
where no shrimp were collected in SNB1M and the highest
mean density occurred at SNB5M. Marsh flooding before this
sampling period was relatively low (54 %) and may have
affected habitat selection, as indicated by the regression tree
analysis. Fall blue crab distributions among habitats also var-
ied with location/year, and the overall pattern for this species
suggested little differentiation among habitats near the marsh
and a negative selection only against SNB20M and SNB50M.
Location/year differences also were apparent for other species,
where few individuals were collected in one or two locations;
habitat-specific density patterns in these situations were more
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difficult to discern. For example, the close association of pur-
ple marsh crab with vegetated marsh edge was most clearly
apparent where this species was abundant (location A in
spring and location C in fall). Speckledworm eel did not occur
at location A, but its affinity for SNB was clear from density
patterns observed at the other two locations.

The mesocosms used in our growth experiment were de-
signed to hold water over short periods of low tide allowing
for measurements of growth as if the intertidal habitat was
continually flooded. However, extended periods of low water
during the experiment and poor shrimp recovery rates related
to flooding duration near mesocosms indicated that low
growth in high elevation mesocosms was an artifact of the
experimental method. We considered our estimates of brown
shrimp growth rates reliable after discarding the data from the
mesocosms that possibly failed to hold water during extended
low-water events. These estimates (1.0–1.2 mm TL day−1,
68–89 mg day−1) were similar among the SNB habitat types
in our study and comparable to values reported from other
experiments conducted in SNB (Minello and Zimmerman
1991; Fry et al. 2003; Rozas and Minello 2009, 2011).

Our experiments allowed us to obtain growth rates that
should be representative of the specific SNB habitat types
we included in our study if mesocosm effects were minimal.
We took several precautions, in addition to discarding unreli-
able data from mesocosms suspected of draining, to minimize
possible experimental artifacts (Rozas and Minello 2009). We
used a stocking density similar to natural densities of brown
shrimp in the study area. The spatial layout of habitat treat-
ments was randomized, and each habitat treatment was repli-
cated seven times. We limited the duration of the experiment
to 7 days to reduce the possibility of depleting benthic prey
(infauna) and causing excessive fouling onmesocosmwalls or
increasing sedimentation within the mesocosms. Three ports
in the walls of each mesocosm allowed water exchange and
equilibration of internal and external conditions except during
low water. The ports also may have allowed entry of potential
planktonic prey. We minimized the time between capture of
experimental shrimp and their transfer into the mesocosms to
limit stress on these organisms. The similarity in our growth
estimates to those of free ranging populations (St. Amant et al.
1966; Knudsen et al. 1977) and the high survival rates in all of
the SNBmesocosms give us confidence that other experimen-
tal artifacts were minimal.

Growth rates are often assumed to be more rapid for shrimp
using the vegetated marsh surface than those using SNB, but
this assumption has not been adequately tested (Minello et al.
2003). Experimental data that would test this assumption have
been limited, as in our study, by the difficulty of maintaining
an aquatic environment in this intertidal habitat during low
tide events. Realistic estimates of growth in intertidal habitats
including tidal marsh are essential, and a search for the means
to measure growth rates in these habitats should be a priority.

Our study provides habitat-specific density data for impor-
tant fishery species and abundant estuarine residents from
Barataria Bay as well as habitat-specific growth rates for
brown shrimp in SNB. Distributional patterns of nekton
among habitats differ from the patterns predicted by the
Galveston Bay model, suggesting that in Barataria Bay, shal-
low nonvegetated bottommay be relatively more important as
habitat than previously assumed. Brown shrimp growth rates
did not differ among nonvegetated habitat types and were
comparable to those reported from other studies conducted
in similar habitat. Additional experimental approaches are
needed to estimate habitat-related growth and mortality in this
system before we make conclusions about relative habitat val-
ue. The differences in nekton spatial distributions between
Barataria Bay and Galveston Bay revealed by our study un-
derscore a critical need to understand the processes that gen-
erate these patterns.
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